Engaging with the natural environment contributes to favourable psychosocial health outcomes. A systematic review of research published before June 2017 was conducted to establish how engaging with natural environments impact the psychosocial health of people with a neurological disability. Identified studies included populations with dementia (n=14), brain injury (n=2), and stroke (n=2). Evidence suggests that engaging with gardens, and gardening, can favourably impact the emotional and social health of people with dementia and, an explanatory theoretical model is proposed. Considerable research gaps exist and further research investigating the psychosocial impact of engaging with natural environments for people with different neurological conditions (for example spinal cord injury or stroke) is warranted.
Introduction
While a definitive definition of psychosocial health is non-existent (Martikainen et al., 2002) , broadly, psychosocial health is a construct informed by the World Health Organization's definition of health (see Martikainen et al., 2002 for a brief history behind psychosocial health as a construct), and consists of diverse domains including psychological health (Donatelle, 2007) , emotional health (Donatelle, 2007; McCarthy et al., 2006) , and social health (Donatelle, 2007; McCarthy et al., 2006) . In the context of neurological disability, psychosocial health has referred to social and emotional wellbeing (McCarthy et al., 2006) , and social reintegration and psychological adjustment (Whiteneck et al.,1992) .
It is important to consider programs and interventions which can improve the psychosocial health of people with neurological disability, as a growing body of research has established that neurological disability is associated with adverse psychosocial health outcomes (McCarthy et al., 2006; Temkin et al., 2009; Mitchell et al., 2010) . At times, these adverse outcomes remain apparent in both community and/or rehabilitation settings (Craig et al., 2009 (Craig et al., , 2017 . For example, a systematic review of the literature published up until 2010 identified that a variety of neurological conditions including epilepsy, brain tumours, stroke and head injuries are associated with adverse psychosocial health outcomes particularly in the psychological domain, and as a result those impacted experience a reduced quality of life (Mitchell et al., 2010) . Furthermore, in the social health domain, neurological disability can adversely impact an individual's ability to build and maintain social relationships (Temkin et al., 2009; McCarthy et al., 2006; Struchen et al., 2011) . While across the emotional domain, neurological disability is associated with higher levels of depression, stress, and anxiety (Brennan, 2002; Bonanno et al., 2012; Canzian et al., 2012; Vu et al., 2014) . Currently, the adverse psychosocial health consequences resulting from neurological disability are difficult to address, and it is not clear which programs and interventions can decisively provide favourable results (Waldron et al., 2013; Sadowsky and Galvin, 2012; Fann et al., 2011 Fann et al., , 2015 Fann et al., , 2009 .
A growing body of research has begun to investigate the impact of access to, and engaging with the natural environment on the psychosocial health outcomes of diverse populations. The natural environment is defined as "the environment in which organisms or their biotopes expressly manifest themselves. In addition to nature reserves, [it also includes] farmland, production forest [s] , urban green spaces and back gardens" (Barton, Griffin and Petty, 2012, p. 90) . In terms of hospital and rehabilitation environments, healing environments that encompass access to, and engagement with the natural environment have been identified as favourably impacting the psychosocial health outcomes of patients with a psychiatric condition (Shepley et al., 2013 (Shepley et al., , 2017 . In terms of community settings, access to greenspace and the natural environment have been associated with residents' experiencing less stress (van den Berg et al., 2010) , improved mental health (Astell-Burt et al., 2014; Wood et al., 2017) , emotional health (Hordyk et al., 2015; Ward et al., 2016) , and heightened socialisation and quality of life outcomes (Ward Thompson and Aspinall, 2011) . While in terms of active engagement with nature-based activities (structured programs which take place in a natural environment), structured horticultural activities have been employed as a rehabilitation intervention to reduce stress amongst people with psychiatric illness (Kam and Siu, 2010) . Such activities have also improved the mood state of community residents (Hayashi et al., 2008) and people participating in cardiopulmonary rehabilitation (Wichrowski et al., 2005) . While care farming activities have provided similar psychosocial benefits to diverse populations including people with disability (Kendall et al., 2015) , mental illness, and people experiencing homelessness (Gorman and Cacciatore, 2017) . Clearly, the applicability of the natural environment to address psychosocial health outcomes is wide ranging and impact a variety of groups in divergent contexts.
Given the ability for access to, and engagement with, the natural environment to favourably impact the health and wellbeing of diverse groups with varying conditions, it is expected that interventions utilising the natural environment may favourably impact the psychosocial health outcomes of people with neurological disability. Limited synthesis of research in this area has been conducted. A systematic review by Whear et al. (2014) , synthesised research published up until 2013 investigating the impact of using outdoor spaces and gardens to address the physical and mental health of people with dementia and people residing in nursing homes. In terms of the impact of gardens on the physical and mental health of people with dementia, four peer-reviewed studies were identified (Cox et al., 2004; Edwards et al., 2013; Hernandez, 2007; Detweiler et al., 2008) . Generally, the findings across these studies tentatively conclude that gardening programs may improve the health of people with dementia (Whear et al., 2014) . While these results are promising and important towards informing the evidence base behind the health benefits of nature-based activities among those with dementia, the systematic review included few peer-reviewed sources investigating the impact of gardens, making definitive conclusions not possible. Furthermore, the suggested review does not provide insight into the plethora of ways that engaging with the natural environment can address psychosocial outcomes for diverse neurological disabilities.
It is unclear how engaging with the natural environment can address the psychosocial health outcomes of people who have a neurological disability. A systematic review to synthesise research in the area can inform best practices, and identify which psychosocial outcomes are best addressed. Thus, this review aimed to:
-Identify and synthesise research investigating the impact of engaging with the natural environment on the psychosocial health of people who have a neurological disability. -Identify how the natural environment has been used, and the outcomes that have been addressed.
Method
The PRISMA approach (Moher et al., 2009 ) to undertaking a systematic review was employed. The protocol underpinning this review is available via the PROSPERO database (see registration number CRD42017074452).
Search strategy
On 27th June 2017 the databases MEDLINE, ISI Web of Science, and CINAHL were searched via the Griffith University Online Library for peer-reviewed research published any date using the search string: ("Brain Injur*" OR "Brain tumor*" OR "TBI" OR "ABI" OR "Traumatic Brain Injur*" OR "Acquired Brain Injur*" OR "Head Injur*" OR stroke OR Alzheimer* OR Dementia OR Epilepsy OR Parkinson* OR "Multiple sclerosis" OR spinal OR spine OR "neurologic* disorder" OR "neurologic* condition" OR "neurologic* disease*" OR "neurologic* impair*" OR "Viral encephalitis") AND ("horticulture*" OR "natural environment" OR "nature assisted" OR "nature-assisted" OR "nature intervention" OR "nature-based" OR "green" OR "wilderness" OR "garden*" OR "forest" OR "tree*" OR "plant*" OR "outdoor*" OR "park" OR "ecotherapy" OR "care farming"). Search information details are included in Table 1 above. Database findings were downloaded into an EndNote database for review by AL.
Inclusion criteria
To be considered for review, sources must have met a set of inclusion criteria. Sources must have been (i) published in a peer-reviewed journal and (ii) available in the English language. Sources must have also explored the use of (iii) activities within the natural environment or a natural environment intervention for the treatment and/or rehabilitation of people who have a neurological disability. Sources which did not adequately describe how the natural environment has been used, the methodology, and/or did not provide findings for people who have a condition characterised as a neurological disability were excluded.
Data analysis
Data analysis involved categorising studies in terms of the type of nature activity considered, whether the activity was an active or passive engagement in nature, neurological disability considered, and the psychosocial domain considered. Furthermore, data analysis involved aggregating the number of studies which found a favourable, unfavourable, or mixed impact of participating in activities in the natural environment across psychosocial domains. The alignment with these studies in terms of the specified characteristics have been presented in Table 2 for studies using a quantitative or mixed methods methodology and Table 3 for studies using a qualitative methodology. In terms of active versus passive engagement with nature, for this paper, active engagement with nature concerns engagement where the natural environment is actively used throughout an activity (ie. gardening programs or bush adventure therapy). While passive exposure concerns engaging with nature in such a way where the natural environment is not used in an activity (ie. sitting in a garden or forest). In terms of the psychosocial outcomes addressed, findings from studies were populated in terms of a psychosocial health framework (see Donatelle, 2007) . Donatelle (2007) provides a psychosocial health framework including the domains: psychological health (the thinking you), emotional health (the feeling you), and social health (interactions with others). Therefore, findings identified from the review were categorised into the psychosocial domains of social health, emotional health or psychological health. While definitions of psychological health and emotional health vary, and at times are combined (see Bayer-Topilsky and Enriquez-Sarano, 2014; Bayer-Topilsky et al., 2015; Astramskaite and Juodzbalys, 2017) for this review, they have been identified as indicated. Emotional health aligns with mood states and feelings including anxiety and depression (Albert et al., 2018) . Psychological health aligns with cognitive functioning and aspects of executive functioning such as working memory and attention (Knight et al., 2018) . MEDLINE  27-06-17  Title  785  WebOfScience  27-06-17  Title  382  CINAHL  27-06-17  Title  901 Table 2 Characteristics of studies using quantitative methods. (f) refers to favourable change across the affiliated domain (significant unless otherwise stated).
(u) refers to unfavourable change across the affiliated domain (significant unless otherwise stated).
(m) refers to mixed change across the affiliated domain (significant unless otherwise stated).
(nc) refers to no change taking place across the affiliated domain.
(ns) refers to a non-significant change.
The findings from the review were also summarised against the nature-based activity addressed. Whenever an activity, intervention or program taking place in the natural environment was identified, a grouping category for that activity, intervention or program was created (ie. green care farms). Included studies that considered an already identified activity, intervention or program were synthesised in relation to the already established grouping category. As this is the first synthesis of studies in the area, findings from each study were summarised. This approach to data analysis was informed by a recent systematic review published by the authors (see Lakhani, Townsend, and Bishara, 2017) .
Results
Eighteen studies were included in this final review. The screening process has been detailed in Fig. 1 below. 
Characteristics of studies
Of the eighteen included studies, six included populations from the United States of America (Murphy et al., 2010; D'Andrea et al., 2007; Lemmon, 1996; Goto et al., 2014; Hernandez, 2007; Detweiler et al., 2008) , three from the Netherlands (de Bruin et al., 2009a; de Boer et al., 2017; de Bruin et al., 2015) , two from Australia (Cox et al., 2004; Edwards et al., 2013) , two from the Republic of Korea (Chun et al., 2017a; Lee and Kim, 2008) , one from the United Kingdom (Hewitt et al., 2013) , one from Taiwan (Sui-Hua et al., 2016) , one from Japan (Koura and Ikeda, 2016) , one from Norway (Solum Myren et al., 2017) , and one from Finland (Vörösvári, 2016) . As clarified in Table 2 and  Table 3 , studies investigated the impact of the following interventions: gardens (n = 12), forest therapy (n = 1), outdoor adventure programs (n = 2), and green care farms (n = 4). Furthermore, studies included populations with the following underlying conditions: dementia (n = 14), stroke (n = 2), and brain injury (n = 2).
Methodological quality assessment
The methodological rigor of included studies was independently rated by two authors using the Qualitative (Letts et al., 2007) and Quantitative versions (Law et al., 1998) of the McMasters methodological rating tool. Both versions categorically assess the presence (or absence) of aspects of included studies that are key in determining methodological quality (e.g. study and sampling methods, data collection and analysis, conclusions and overall rigor). Sources presenting both quantitative and qualitative data (n = 6, 35.3%) were rated in their respective areas on both versions. A percent agreement method (McHugh, 2012) was used to determine interrater agreement between the authors; significant agreement was achieved on relevant aspects for he quantitative (88%) and qualitative (82.67%) studies. Both authors collaborated to resolve disagreement and achieve 100% agreement on each aspect of the quantitative and qualitative review forms. The final methodological quality assessments are provided in Tables 4, 5. Table 2 and Table 3 clarify where favourable outcomes were apparent across psychological, emotional and social health domains. In terms of studies utilising quantitative methods (Table 2) , (i) two of the four studies investigating the impact of engaging with activities in nature found that such engagement significantly improved psychological health, (ii) two of the five studies investigating the impact of engaging with activities in nature found that such engagement significantly improved social health, and (iii) seven of the twelve studies investigating the impact of engaging with activities in nature found that such engagement significantly improved emotional health. Furthermore, across the domains, social health and emotional health, one and Table 3 Characteristics of studies using only qualitative methods. 
Summary of findings
(f) refers to favourable change across the affiliated domain.
two studies respectively found improvements while not at a statistically significant level. In terms of qualitative studies (Table 3) , (i) the single study investigating the impact of engaging in activities in nature on psychological health found that such engagement promoted favourable psychological health outcomes, (ii) three of the three studies investigating the impact of engaging in activities in nature on social health found that such engagement promoted favourable social health outcomes, and (iii) the single study investigating the impact of engaging in activities in nature on emotional health found that such engagement favourably impacted emotional health outcomes.
Forest therapy
Forest therapy is an intervention that involves immersion in forests and comparable environments to encourage healing and restoration (The Association of Nature and Forest Therapy, 2017). One study included in this review investigated the impact of participating in a forest therapy program on the emotional health (levels of depression and anxiety) of people who had experienced chronic stroke (Chun et al., 2017a) . In the quasi-experimental study Chun et al. (2017a) , participants (n = 59) who had experienced chronic stroke were delegated to a forest therapy treatment group (n = 30), or a control group receiving therapy in an urban setting (n = 29). Over a period of four days and three nights the forest therapy group resided in a forest recreational area and participated in (i) meditation, (ii) experiencing the forest via five senses and, (iii) walking in the forest. While, the urban group resided in a hotel and participated in identical activities within an urban setting. Prior to and following the intervention, evaluations were undertaken measuring depression and anxiety and biofeedback measures (oxidant capacity and non-iron reducing activity) to test protective measures against depression and anxiety. Significant differences across demographic measures and the indicated outcomes between both groups prior to the intervention were not apparent. Findings concluded that those who participated in the forest therapy program had a significantly greater reduction in depression and anxiety compared to the urban group. Furthermore, urban group participants' experienced a higher level of anxiety post intervention. Finally, while the changes in oxidant capacity did not differ between groups, iron-reducing activity increased significantly (a protector of neural damage which can result from depression and anxiety) for the forest therapy group. Consequently, these findings add further evidence to the notion that forest therapy may improve the emotional health of participants and particularly reduce depression and anxiety among people who have experienced chronic stroke.
Green care farms
Green care farming is a practice where activities are undertaken within farms or agricultural landscapes to encourage social, mental and/or physical health benefits for participants (Hine et al., 2008) . Three studies included in this review investigated the impact of receiving green care farm services on the social health of people with dementia (de Boer et al., 2017; de Bruin et al., 2015; Solum Myren et al., 2017) . While, one study investigated the impact of receiving green care farm services on the psychological, and emotional health of people with dementia (de Bruin et al., 2009) .
In their quasi-experimental longitudinal observational study de Boer et al. (2017) compared the level of social interaction between residents of green care farms, traditional nursing homes and small scale facilities. Findings included that green care farm residents had significantly greater amounts of social interaction compared to traditional nursing home residents; however, significant differences were not apparent between green care farms and small-scale facilities and this phenomena was not explained. The authors suggest that given significant differences between social interaction among green care farm and traditional nursing home residents, green care farms have the potential to be a Step 4: Included
Step 2: Screening
Step 1 Table 4 Methodological quality assessment of quantitative studies. Note 1: Only items that categorically rate the quality of each study from the McMasters Tool have been included here. Note 2: *Sources include quanitative and qualitative data and have been rated here on their quantitative components only. Table 5 Methodological assessment of qualitative studies.
Item no. valuable alternative to traditional nursing homes.
de Bruin et al. (2015) investigated the ability of green care farms to encourage social participation among people with dementia. Semistructured interviews were conducted across three groups of people with dementia living at home: (i) people who attended day services at a green care farm (n = 21), (ii) people waiting to attend day services at a green care farm (n = 12), and (iii) people who received day services at a traditional care facility (n = 17). Comparisons were made between people who attended the green care farm and those on the waitlist, and people who attended the green care farm and those receiving services at a traditional facility. Findings were such that for days where there was no engagement with the green care farm, social participation between green care farm participants and participants on the waitlist were comparable. While the green care farm participants experienced a greater amount of social participation compared to people who attended the traditional care facility during days where no services were received. In contrast, for days when green care farm participants attended the farm, they experienced an increase in social engagementparticularly across the domains employment and volunteering -compared to those on the waitlist. Similarly, social participation also increased across groups who attended the traditional care facility. Green care farm participants and traditional care facility participants both suggested that their participation provided a sense of belonging. However, there were differences in terms of the type of socialisation experienced; traditional care facility participants reported higher levels of social participation in terms of recreational activities, while, those receiving day services at green care farms had higher levels of social participation across the domains volunteering and paid employment. Given these findings, the authors conclude that attending both traditional services, and green care farms are valuable, and increase the social participation of people with dementia.
Solum Myren et al. (2017) study investigated the impact of place -a typical care facility or a green care farm -on the everyday life of people with dementia. A qualitative descriptive design was utilised and data comprised observations of, and informal conversations among, people with dementia receiving services in one of the two settings. In terms of green care farm participants with dementia, people with dementia and staff indicated that the homelike environment encouraged social interaction among end users. For example, meals and conversations around a kitchen table encouraged social interaction and connection between people with dementia and care staff. The relationships and connections made among staff and end users at the green care farm were described as stronger than those developed at the typical care facility. Specifically, findings suggested that green care farm participants' socialisation resulted in bonding, while socialisation and connection among end users and professionals at the typical day care facility were described as professional. To conclude the authors suggest that the physical environment within a nature setting, and social environment of green care farms, provided an opportunity for worthwhile social interactions among end users.
A single study investigated the impact of participating in green care farming on the emotional, psychological and social health of people with dementia (de Bruin et al., 2009 ). Elder people with dementia from 15 green care farms (N = 47) and 22 regular day care facilities (N = 41) participated in the study. Participants were organised into three cohorts (with length of time receiving services prior to data collection in brackets): Cohort A (on average 1.3 months), Cohort B (on average 6.3 months), and Cohort C (on average 16.5 months). Each participant completed the Mini-Mental State Examination (Folstein et al., 1975) and the depression list (Diesfeldt, 2004) to measure mental (cognitive) health and emotional health. Additionally, the depression list also included a measure for social health. Data was collected at baseline, and at a 6 month and 12 month follow up. Significant changes over time were not apparent. Additionally, across the three cohorts, a significant difference in psychological health, emotional health and social health outcomes between those attending green care farms, or regular day care facilities was not apparent. The findings suggest that attending green care farms or regular day care facilities are both equally conducive to maintaining the psychosocial health of participants.
Gardens
Nine studies investigated the impact of engaging with gardens or gardening programs on the emotional health of people with dementia (Edwards et al., 2013; Koura and Ikeda, 2016; Murphy et al., 2010; Goto et al., 2014; Cox et al., 2004; Detweiler et al., 2008; Hewitt et al., 2013; Lee and Kim, 2008; Hernandez, 2007) . Three studies investigated the impact of engaging with gardens or gardening programs on psychological health of people with dementia (Hewitt et al., 2013; D'Andrea et al., 2007; Lee and Kim, 2008) . While two studies investigated the impact of engaging with gardens or gardening programs on the social health of people with dementia (Hewitt et al., 2013; Hernandez, 2007) . Finally, one study investigated the impact of participating in gardening program on the social health of people with stroke (Sui-Hua et al., 2016) .
3.6.1. Garden exposure Edwards et al. (2013) employed a pre and post intervention design, and assessed the emotional health -depression and agitation -of people with dementia (n = 10) three months prior, and three months following the construction of a therapeutic garden with indoor and outdoor components. Significant improvements across both emotional domains were found, with all participants having a reduction in agitation while seven of the ten participants having a reduction in depression. The findings suggest that in addition to wander gardens -'… gardens [which] are often well arranged, walled and preferably in connection with a shielded dementia care unit allowing the individuals to experience plants, nature and fresh air' (Gonzalez and Kirkevold, 2014, p. 2699 ) -indoor spaces which are well integrated with garden designs, and have views of the garden, may also improve agitation among people with dementia. While the study included a small sample size, and was unable to control for cofounders that may have also impacted the emotional health of participants, the authors conclude that the findings imply that therapeutic gardens may favourably impact the emotional health of people with dementia.
Koura and Ikeda (2016) investigated the emotional health -level of relaxation -experienced by people with dementia while walking within a therapeutic garden. Seven elderly people with dementia participated in the study. The program was organised as such, initially participants were transferred to a horticultural therapy garden (5 min); participated in a wheel chair walk around the therapy garden (5-7 min); experienced olfactory stimulation (3-5 min); taste/sweetness stimulation (5-7 min); and finally tactile stimulation (5-7 min). Spectral electrocardiogram measurements were gathered throughout the various stages of stimulation. Throughout the intervention the heart rate of participants decreased. Throughout the walk through of the therapeutic garden and sensory stimulation, the sympathetic nervous system (SNS) retracted while the parasympathetic nervous system (PNS) enhanced. After the intervention, heart rate and PNS were similar to the measure at baseline, while SNS was lower than the measure at baseline. The findings suggest that participation in a therapeutic garden intervention can encourage stress reduction among people with dementia, and that this stress reduction may remain after the intervention period. Murphy et al. (2010) investigated the impact of visiting a therapeutic wander garden on the emotional health -agitation -of veterans diagnosed with dementia (n = 34). Agitation was measured via the short form of the Cohen-Mansfield Agitation Inventory (CMAI). The independent variable -exposure to the wander garden -was measured via the number of visits made by a resident to the wander garden. The findings conclude that increased visits to the wander garden were significantly associated with a reduction in agitation. However, the findings also suggested that the impact of wander garden visits was impacted by ambulation; those who could walk without assistance, experienced a reduction in agitation, even with limited visits. Goto et al. (2014) investigated the impact of spending time in a Snoezelen room -a multisensory environment developed to address the diverse health conditions of people with neurological disability and/or intellectual disability -or viewing an internal Japanese garden on the emotional health -stress -of people with dementia residing in a nursing home. The Snoezelen room was a quiet, windowless room, with comfortable seating. Within the room participants were exposed to a visual projection of a forest setting, audio soundscape of nature sounds and a cedar sent. While the Japanese garden was developed in an indoor space with two windowed walls, and included small plants, rocks and bamboo screens. Additionally, a mp3 playing the sound of running water was included. Equal numbers of participants spent 15 min in each setting two times per week. A finger-tip heart rate monitor was utilised to measure heart rate for participants while exposed to both settings. The heart rate of participants in the garden room initially increased but gradually declined throughout (around 0.15-0.2 bpm/min). Furthermore, for participants, the heart rate throughout the last six minutes of residing in the garden room were significantly lower than in their own room. In contrast, the heart rate of those who resided in the Snoezolen room, rose by an average of 0.06 bpm/min, while, there were no significant differences between the heart rate within the Snoezolen room and their residential space. Additionally, a subset of participants experienced both interventions and the findings were close to the above, particularly average heart rate declined while witnessing the Japanese garden while remaining steady while in the Snoezolen room. Cox et al. (2004) investigated the emotional health effects of spending time in three environments -a living room, garden, and Snoezelen room -on people with dementia (n = 24) residing in a nursing home. Each participant participated throughout three 16 min sessions in each setting. Immediately prior to each session, and during 4 min intervals throughout the sessions, an observer completed the Affect Rating Scale (Lawton et al., 1996) for each person. In terms of the garden, the most frequently rated characteristics were contentment, interest and pleasure. Participants were significantly more likely to exhibit pleasure within the garden, compared to prior to entering the garden. In contrast, participants were significantly more likely to exhibit contentment prior to entering the garden, then while in the garden. Given these findings, the authors suggest that the presence of the caregiver immediately prior to moving into the garden, shifted participant mood from contentment to pleasure, while engaging with a garden can encourage pleasure. This suggests the passive interaction with the garden and Snoezelen environments, and the social interaction of a care-giver, both promoted an increase in emotional health. Detweiler et al. (2008) investigated the impact of implementing a wander garden on the emotional health -agitation -of males (n = 34) residing in a dementia care facility. The Cohen Mansfield Agitation Inventory Short Form was used to measure agitation, and measures were taken at baseline (throughout 12 months prior to adding the garden) and monthly for 12 months after the wander garden had been added to the facility. Spending time in the garden was significantly associated with a reduction in CMAI scores, indicative of a reduction in agitation and therefore an improvement in emotional health. Hewitt et al. (2013) investigated the impact of participating in a structured group gardening program on the psychological and emotional health of people with young-onset dementia (n = 9). The program consisted of fourty-six two hour sessions. Each session began with a group meeting to facilitate socialisation, after participants completed one hour of gardening tasks suited to their ability, and to conclude, participants reflected on gardening. Two versions of the Bradford WellBeing Profile -a measure used to ascertain the emotional and social health of people with dementia -were utilised throughout the study, and were completed by staff members during each session. Furthermore, the MMSE (Folstein et al., 1975) was administered at baseline, during the middle (6 months post baseline) and end (12 months post baseline) of the program, to measure the psychological health of participants. Significant changes in wellbeing scores were not apparent between the first session and the twenty-first session (where the first version Bradford Well-Being Profile was used). Similarly, significant differences in wellbeing scores were not apparent between the twentysecond session and the fourty-sixth session (where the second version was used). While significant differences were not apparent throughout both stages of the program, there was an upward trend in wellbeing over the first eight sessions, which levelled off approaching the twentyfirst week. Wellbeing scores were maintained throughout the twentysecond to fourty-sixth week. In terms of the MMSE, significant changes in scores were not apparent between baseline and six months, while there was a significant decline in cognitive function between baseline and 12 months. The findings led the authors to suggest that the program is useful, as maintenance of well-being is an important consideration for a group that is experiencing cognitive decline. As a control group was not employed, it is not possible to ascertain if the rate of cognitive decline was affected by the program.
Gardening programs
D'Andrea et al. (2007) conducted a quasi-experiment to ascertain the impact of participating in horticultural therapy on the psychological health of people who had Alzheimer's disease. Over a period of 12 weeks, an experimental group (n = 19) participated in 24 horticultural therapy sessions consisting of: selecting seeds, planting seeds, observing seedlings, repotting seedlings, watering, and discussion about plants. A control group (n = 19) participated in 24 sessions focused on music, or socialisation exercises. Cognitive function was assessed via the Test for Severe Impairment (Albert and Cohen, 1992) , which was administered prior to and following the 12 week intervention. Statistically significant cognitive function differences between both groups was apparent at baseline, so a t-test was used to test for the difference between control and experimental group difference scores. Differences between groups were significant and findings conclude that the experimental group maintained their cognitive function throughout the program period, while the control group experienced cognitive decline. Active participation in a gardening program had a positive effect on the mental health domain of psychosocial health for people with Alzheimer's. Lee and Kim (2008) investigated the impact of participating in an indoor gardening program on the psychological (cognition) and emotional (agitation) health of people with dementia (n = 23). Agitation was measured via the Modified Cohen-Mansfield Agitation Inventory (M-CMAI), cognition was measured via the revised Hasegawa Dementia Scale, and a repeated measures experimental methodology was employed. Agitation was measured daily during a one week baseline period and for one week during the post-intervention period. The indoor gardening intervention was administered over a period of four weeks and involved tending an indoor containerized garden of dropwort or bean sprout plants. Throughout the intervention period participants were requested to assist nurses and a research assistant throughout a variety of activities including: selecting beans, setting roots, watering, cleaning containers and harvesting. The intervention resulted in a significant reduction in agitation among participants, however reliability of the M-CMAI was reported as low. Cognition was also significantly improved. Findings suggest an active gardening program can improve the psychosocial domain of mental health in dementia patients and may improve emotional health.
One study investigated the impact of participating in a gardening program on the social health -particularly social roles -of people with stroke (Sui-Hua et al., 2016) . The study also investigated the impact of gender and time after stroke onset. Participants within the Sui-Hua et al. (2016) study were grouped into two treatment conditions, either tending short-term plants (n = 11), consisting of water spinach and lettuce or long term plants (n = 8), consisting of tomato and string beans. Both treatment conditions involved participating in a gardening program for one hour a week for three months. Social role was measured via the Stroke Specific Quality of Life Scale (SSQLS) (Lin et al., 2005) which was administered prior to, and following the completion of the gardening program. Findings concluded that gardening had a significant impact on social role, and that participants who tended short-term plants had greater social role improvements then those who tended to long-term plants. The authors hypothesise that the effectiveness of short-term gardening was due to short-term plants being ready for harvest by the end of the program whereby long-term plants were unable to be harvested. The harvest period provided opportunities for sharing and social interaction and perhaps this favourably impacted participant social roles.
Gardening and/or garden engagement
Hernandez (2007) interviewed staff working within two special care units, and family members of people with dementia residing in two special care units to ascertain the impact of therapeutic gardens on the quality of life -emotional and social health -of people with dementia. Additionally, observations of participant use of the garden was undertaken by researchers involved with the study. Findings suggest that viewing the garden favourably impacted the emotional health of participants, particularly contributing towards their receipt of joy and happiness. Sitting in the garden was also identified as favourably impacting emotional health by reducing resident stress and agitation. In addition, more active interaction with the environment, such as gardening, encouraged psychological health domain improvements in the form of cognitive functioning. The therapeutic garden was also identified as positively impacting the social health of residents. In this respect, visiting the garden encouraged a routine among residents where socialisation occurred (ie. through the organization of a picnic or a family gathering). Given the diverse findings from this study, the authors suggest that therapeutic gardens should be considered alongside traditional treatments within special care units, and when positive outcomes become clear to healthcare practitioners, perhaps become an essential part of treatment for some of the side-effects of dementia.
Outdoor adventure programs
There are a diverse set of terms aligned with outdoor adventure programs -some terms include 'wilderness adventure therapy', 'outdoor therapy', and 'therapeutic wilderness programs' (Pryor, 2009) . Generally, such interventions utilise adventure activities in nature to encourage learning and promote health (Pryor, 2009) . Two studies included within this review investigated the impact of outdoor adventure programs for people with an acquired brain injury (Lemmon, 1996; Vörösvári, 2016) . Vörösvári (2016) conducted a mixed methods study to ascertain the impact of participating in an outdoor adventure camp activity on the emotional and social health of people (n = 9) who had an acquired brain injury. The outdoor adventure camp consisted of a variety of activities to build social and emotional health including: canoeing, rafting, wall-climbing, and hiking/walking. Data consisted of observations, post camp interviews with participants and the completion of the Quality of Life After Brain Injury (QOLIBRI) (QOLIBRI, 2013) (which included subcomponents for social and emotional health) prior to and after program participation. Significant differences between pre and post measurements were not apparent and the direction of change revealed mixed results. The daily life and autonomy component of the QOLIBRI, included socialisation and confidence measures. Pre and post measures for socialisation were identical, while confidence or feeling in charge increased post-program completion. Emotional health, feelings of loneliness and boredom remained the same while, depression, anger and aggression decreased following program completion. Levels of anxiety increased following program completion. While, qualitative findings also suggested that participation increased the confidence of participants and in contrast to quantitative measures, qualitative data suggested that participants received favourable social experiences, which included building relationships and making friends. Lemmon (1996) investigated the long-term outcome of participating in the Outward Bound Course on the psychosocial functioning of women (n = 12) who had experienced a traumatic brain injury. Participants completed a three-day program consisting of discussions and group activities including rock climbing and high ropes courses. Immediately prior to participating, immediately following participation, and six months and one year after participation, participants were requested to self-evaluate (using a Likert scale ranging from 1 to 5) their abilities across the emotional domain, self-esteem, and social domain socialisation. Over the long term, participants experienced statistically significant gains in their self-esteem, while not experiencing statistically significant gains in terms of their socialisation. The authors do not indicate the direction of change across the socialisation domain 1 year after program completion.
Discussion

General summary
This is the first systematic review to synthesise research investigating the impact of natural environment interventions on the psychosocial health of people with neurological disability. The highest proportion of studies (n = 12) investigated the impact of nature based programs on the psychosocial health of people who have dementia (de Boer et al., 2017; de Bruin et al., 2015 de Bruin et al., , 2009 Edwards et al., 2013; Goto et al., 2014; Hernandez, 2007; Hewitt et al., 2013; Koura and Ikeda, 2016; Lee and Kim, 2008; Murphy et al., 2010; Solum Myren et al., 2017; Cox et al., 2004; D'Andrea et al., 2007; Detweiler et al., 2008) . While, a small segment of research has investigated the impact of nature based programs on the psychosocial health of people with stroke (Sui-Hua et al., 2016; Chun et al., 2017a) , and people with an acquired brain injury (Lemmon, 1996; Vörösvári, 2016) . Generally, limited research investigating the impact of the natural environment on the psychosocial health of people with neurocognitive disability exists, with research gaps particularly around neurological conditions outside dementia.
Given the limited research to date, and the diversity of nature specific activities investigated -outside of dementia -it is not possible to establish definitive conclusions around the efficacy of engaging with nature specific activities on the psychosocial health of people with neurological disability. At most, the findings clarify (as evidenced within summary Tables 2, 3) that engaging with natural environments contribute to favourable emotional health outcomes and social health outcomes for people with dementia. In this regard, eight (Hernandez, 2007; Detweiler et al., 2008; Edwards et al., 2013; Goto et al., 2014; Hewitt et al., 2013; Koura and Ikeda, 2016; Lee and Kim, 2008; Murphy et al., 2010) of twelve studies involving people with dementia and focusing on emotional health, found that engaging with the natural environment contributed to favourable emotional health outcomes. Similarly, five (de Boer et al., 2017; Hewitt et al., 2013; de Bruin et al., 2015; Hernandez, 2007; and Solum Myren et al., 2017) of the six studies involving people with dementia and focusing on social health, found that engaging with the natural environment contributed to favourable outcomes.
One study from this review investigated the impact of forest therapy for people who had stroke (Chun et al., 2017a) , and one study investigated the impact of a dementia wander garden for people who have experienced stroke (Sui-Hua et al., 2016) . Findings from these studies suggest that the respective programs can contribute towards the receipt of positive emotional (Chun et al., 2017a) and social (Sui-Hua et al., 2016) health outcomes for people with stroke. While only two studies investigated the applicability and efficaciousness of such programs, they provide preliminary evidence to the notion that nature based programs can be positive for the survivors of stroke.
Research investigating the impact of adventure therapy programs on the emotional and social health of people with an acquired brain injury are mixed. Vörösvári (2016) found no significant differences between pre and post program measures concerning socialisation. Similarly, significant differences were not apparent across emotional health domains including loneliness, boredom, depression, anger, aggression and anxiety. However, levels of depression, anger and aggression decreased while anxiety increased. In contrast, Lemmon (1996) found that post program completion the self-esteem of participants improved significantly, while no statistically significant gains across socialisation were apparent. Given the paucity of research in this area, and the mixed findings, it is not possible to indicate how such programs may impact the psycho-emotional and social health of people with an acquired brain injury.
Neurological disability, psychosocial health, and nature engagement: an explanatory theoretical model
It is important to consider how active and passive uses of nature may impact the psychosocial health of people with neurological disability. (The idea that further explanatory theories and research need consider how active and passive experiences in natural environments impact the health and wellbeing of diverse populations has been proposed by Fernee et al., 2017) . The findings from this review, contextualised against attention-restoration theory (Kaplan and Kaplan, 1989; Kaplan, 1995) , and the idea of nature as providing 'affordances' can inform a theoretical model clarifying how both active, and passive forms of engagement impact the psychosocial health of people with neurological disability.
The synthesis of the included literature clarified that psychological health has been favourably impacted only when activities in nature involve active engagement (see D'Andrea et al., 2007; Lee and Kim, 2008 ) -for example gardening or bush adventure activities -or involve both active and passive engagement (see Hernandez, 2007 ) -for example spending time walking through a garden and also gardening. Similarly, social health has been favourably impacted only when activities in nature involve active engagement (see Hewitt et al., 2013; Sui-Hua et al., 2016; de Bruin et al., 2015; Solum Myren et al., 2017) or active and passive engagement (see Hernandez, 2007) . Consequently, given these findings it can be concluded that using the natural environment to improve psychological and social health require active engagement with nature.
A model explaining how active and passive engagement with the natural environment can improve the psychosocial health of people with neurological disability is illustrated in Fig. 2 below. The model suggests that (i) active engagement or a combination of active and passive engagement in nature promote favourable psychological and social health outcomes, and (ii) active engagement, passive engagement, or a combination of active and passive engagement in nature promote favourable emotional health outcomes. Theories supporting the relationship are embedded within the model and include: ART (Kaplan and Kaplan, 1989; Kaplan, 1995) and the concept of 'affordances' (Gibson, 1979) . ART suggests that a restorative environment allows attention to rest or promotes relaxation and favourable mood outcomes. Kaplan and Kaplan (1989) and Kaplan (1995) both clarify that natural environments are optimal restorative environments which can encourage attention to rest or promote relaxation. This theory is well-established, and the ability for exposure to natural settings to encourage relaxation is supported by empirical research (see the systematic review on this topic by Ohly et al., 2016) . In terms of affordances, the theory generally suggests that environments enable opportunities and that given the setting, different opportunities are afforded (see Scarantino, 2003 , for a full discussion). The finding that horticultural therapy and nature-based activities promote mental or cognitive health is supported by the theory of 'affordances'. Findings from the current review suggest that nature-based places afford active engagement which improve cognitive health, and social health outomces. While findings also suggest that passively engaging with the natural environment, or actively engaging with the natural environment, may promote favourable emotional outcomes through ART. A combination of both passive and active engagement with natural settings will promote the widest range of psychosocial outcomes. Furthermore, it is expected that this model has implications for future use and design of outdoor spaces, and programs involving the natural environment, for people with a neurological disability.
Adverse outcomes
Among the studies included in this review, the inability to engage with the natural environment was also identified as contributing to adverse outcomes. For example, Hernandez (2007) reported accessibility and weather as barriers to garden use for both residents and staff at a special care unit for people with dementia, and found that barriers impacting accessibility were occasionally linked to negative feelings. Similarly, Murphy et al. (2010) also established accessibility as a considerable issue and found that the poor design of settings utilising the natural environment could prevent residents with dementia accessing such spaces unassisted. Their findings also conclude that when natural environments were inaccessible, reductions in agitation among residents disappeared. Both studies report difficulty in opening doors as lowering use of the natural environment. Further accessibility barriers included sharp turns, narrow paths, and glare from sunshine (Murphy et al., 2010) . The findings from this review suggest that outdoor natural spaces can be beneficial for residents and people with a neurological disability, but it also suggests thoughtful design is vital to promote these benefits.
Directions for future research
The findings from this review suggest that nature centric programsparticularly gardening -may favourably impact the psychosocial health of people with neurocognitive disability (particularly people with dementia). Given the current state of research, it is difficult to make conclusions around the impact for people with conditions outside of dementia. For similar reason, it is also not possible to conclude which specific nature centric programs provide best outcomes for people with neurological disability outside of dementia.
For example, this review did not identify any research investigating the impact of nature-based interventions on the psychosocial health of people with spinal cord injury (SCI). Clearly this is an under researched area requiring further study. A single excerpt was identified which provided news of a garden being used for the rehabilitation of people with spinal cord injury (Ferriman, 2012) . Despite a lack of research focusing on the impact of natural environment interventions on the psychosocial health of people with SCI, a variety of studies have begun to address the impact of proximity to the natural environment generally, on the health and wellbeing of people with spinal cord injury. Research to date generally suggests that high levels of urbanisation, moving from rural to urban settings, and reduced open greenspace are associated with lower quality of life outcomes for people with SCI (Glennie et al., 2017; Botticello, 2014; Botticello et al., 2011 Botticello et al., , 2015 . Furthermore, research has established that barriers in accessing the natural environment can contribute to reduced quality of life for people who have been living with SCI over an extended period (Lysack et al., 2007) . These findings add evidence to the perspective that access to the natural environment contributes to favourable health and wellbeing outcomes for people with SCI, and furthermore, supports the perspective that nature-based interventions may favourably impact the psychosocial health outcomes of the specified group. It is important then, that future research investigate the impact of nature-based programs on the psychosocial health of people with varied neurological conditions including SCI, acquired brain injury, and stroke. Significant gaps concerning the impact of the natural environment on the health and wellbeing of people exist. Our understanding of the physiological mechanisms underpinning psychosocial outcomes are largely unknown and are worthy of further investigation. In support of this, Frumkin et al. (2017) detail seven domains requiring further research particular to the dynamic relationship between engaging with the natural environment and human health. Under the section Mechanistic Biomedical Studies, they clarify that further study need include physiological measures to increase understanding around the mechanisms that underpin observed health effects resulting from engaging with natural environments. In this regard, three studies identified throughout this review included biofeedback measures (Goto et al., 2014; Chun et al., 2017a; Koura and Ikeda, 2016) to investigate physiological response. The measures included heart rate (Goto et al., 2014) , the autonomic nervous system (Koura and Ikeda, 2016) , and reactive oxygen metabolite measures and biological antioxidant potentials (Chun et al., 2017a) . Given few studies in the area, our understanding of the physiological impact of natural environment interventions on people with neurological disability is limited. This is an imperative area of research and consequently it is important that further research utilise biofeedback methodologies.
A model has been developed from the synthesis of the outcomes of included studies, and this model is congruent with current theories considering the mechanisms behind benefits of nature. However, due to the variability in the studies informing this model further clarification is needed to test its implications. A research informed model such as this will assist current staff and future developers in utilising nature for the benefit of residents in care facilities on a group and individual level.
Active uses of nature (particularly through green care farms) have involved participants engaging in activities which can be argued, do not entirely consider the natural environment (for example, conversations around a kitchen table). In these instances, it may be that engaging in activities within the natural environment, affords the opportunity for such events to take place. Nonetheless, such instances make it hard to extract the distinct impact of the natural environment on the psychosocial health of participants. As a result, it is vital that future studies make methodological adjustments necessary to test the impact of engaging with nature based activities distinctly.
Limitations
This study has limitations which are important to consider. This systematic review aimed to investigate the impact of nature-based activities on the psychosocial health of people with neurological disability. A variety of terms relating to neurological disability were utilised, including common neurological conditions. While the authors are confident that the search approach was exhaustive -as evidenced by PROSPERO registry approval -the extent of distinct neurological conditions are widespread, and the search terms may not have identified all neurological conditions under study.
Conclusion
Neurological disability can result in adverse psychosocial health outcomes which are difficult to address. Consequently, furthering our knowledge around the ways that the natural environment can impact the psychosocial health of people with neurological disability is an important undertaking. To date, a vast majority of research has investigated the impact of engaging with gardens, and participating in gardening programs on the psychosocial health of people who have dementia. Such research has generally found that programs are beneficial. While useful, the state of research has yet to extensively investigate how alternative programs outside of gardening (ie. forest therapy, or green care farming) can impact the psychosocial health of people with neurological disability. Furthermore, the current body of knowledge does not add to our understanding of how programs within the natural environment can impact the psychosocial health of people with neurological conditions outside of dementia. The paucity of research concerning the impact of diverse programs within the natural environment among people with different neurological conditions means that certain groups may be at risk of missing potentially effective rehabilitation programs. Clearly, the potential for the natural environment to address the psychosocial health of people with a neurological disability is promising, however further research is needed. It is expected that further research investigating the psychosocial impact of diverse natural environment interventions for people with different neurological conditions (for example acquired brain injury or spinal cord injury) is imperative, and will inform evidence-based programs.
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